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SURFHVVLQJ6XFKDGLYLVLRQRIPDQXIDFWXULQJV\VWHPLQWRFHOOV RIWHQOHDGVWR GLIIHUHQWW\SHRI&06OD\RXWVVXFKDV
L*7IORZOLQHLL*7FHOODQG LLL *7 FHQWUH 7KHDGYDQWDJHVRI D &06DUH UHGXFHGPDQXIDFWXULQJOHDGWLPH
ZRUNLQSURFHVVODERXUVHWXSWLPHGHOLYHU\WLPHUHZRUNDQGVFUDSPDWHULDOVDQG LPSURYHGTXDOLW\:HPPHUORY
DQG-RKQVRQ 7KHVHDGYDQWDJHVFDQEHHDVLO\UHDOLVHGLQ D *7IORZOLQH $IORZOLQHFHOOKDVIRUZDUGIORZV
DQGWKLVSDSHULVFRQFHUQHGZLWKGHYHORSLQJIRUZDUGIORZVLQDFHOOZKHQ WKHPDFKLQHVLQ DFHOO DUHLGHQWLILHG7KH
RSHUDWLRQVHTXHQFHRISDUWVRUURXWHVKHHWRIWKHSURGXFWLRQV\VWHPLVWKHLPSRUWDQWGDWDUHTXLUHG
0DMRULW\RIWKHFHOOGHVLJQSURFHGXUHVGRQRWLQFOXGHDUUDQJHPHQWRIPDFKLQHVPDFKLQHVHTXHQFHZLWKLQFHOOV
DV D SDUW RI &06 GHVLJQ 6RPH H[DPSOHV IRU WKH SURFHGXUHV WKDW SURYLGH WKLV W\SH RI GHVLJQ DUH 5DQN RUGHU
FOXVWHULQJ E\ .LQJ  6LQJOHOLQNDJHFOXVWHULQJDOJRULWKP E\ 6HLIIRGLQL =2',$& E\ &KDQGUDVHNKDUDQ
DQG 5DMDJRSDODQ  $VVLJQPHQW PRGHO E\ 6ULQLYDVDQ HW DO  (YROXWLRQDU\ DOJRULWKP *RQFDOYHV DQG
5HVHQGH  7DEX VHDUFK DOJRULWKP E\ $GHQ]RGLD] DQG /R]DQR  7KHVH GHVLJQ SURFHGXUHV XVH WKH
SURGXFWLRQV\VWHPLQIRUPDWLRQLQWKHIRUPRIDSDUWPDFKLQHLQFLGHQFHPDWUL[+RZHYHURSHUDWLRQVHTXHQFHGDWD
SURYLGHLPSRUWDQWLQIRUPDWLRQDERXWWKHIORZSDWWHUQRIGLIIHUHQWSDUWVLQDSURGXFWLRQV\VWHP DQGVRPH RIWKH FHOO
GHVLJQ SURFHGXUHV FRQVLGHU SDUWRSHUDWLRQ VHTXHQFH ([DPSOHV &$6( DOJRULWKP E\1DLU DQG1DUHQGUDQ 
5REXVWGHVLJQE\3LOODLDQG6XEEDUDR 0HWKRGEDVHGRQ$GDSWLYH 5HVRQDQFH 7KHRU\$57E\3DQGLDQDQG
0DKDSDWUD  ,W LV EHWWHU WR GHYHORS WKH OD\RXW RIPDFKLQHV ZLWKLQ D FHOO DORQJZLWK WKH IRUPDWLRQ RI SDUW
IDPLOLHV DQGPDFKLQHJURXSV LI SDUWRSHUDWLRQ VHTXHQFH LV FRQVLGHUHG LQ D FHOO GHVLJQ0DKGDYL DQG0DKDGHYDQ
GHYHORSHGDQDOJRULWKP &/$66WKDWLGHQWLILHVWKHFHOOVEDVHGRQURXWHVKHHWDQGDOVRLGHQWLILHVWKHVHTXHQFH
RIPDFKLQHVZLWKLQWKHFHOOV7KH\SURSRVHGWZRQHZHIILFLHQF\PHDVXUHVQDPHO\$YHUDJH&HOO)ORZ,QGH[$&),
DQG2YHUDOO)ORZ,QGH[2),ZKLFKFDQFKHFNWKHHIILFLHQF\RI FHOOGHVLJQLI PDFKLQHVHTXHQFHZLWKLQDFHOO DOVR LV
FRQVLGHUHG
,Q WKLV SDSHU D SURFHGXUH IRU WKH LGHQWLILFDWLRQ RI VHTXHQWLDO DUUDQJHPHQW RIPDFKLQHV LQVLGH FHOOV LQWUDFHOO





7KH SURSRVHG PHWKRG LV GHYHORSHG WR LGHQWLI\ WKH DUUDQJHPHQWRIPDFKLQHVZLWKLQ D FHOOZLWK DQREMHFWLYH WR
LQFUHDVHWKHQXPEHURIFRQVHFXWLYHIRUZDUGIORZV1XPEHURIFRQVHFXWLYHIRUZDUGIORZVGHSHQGVRQWKHRUGHULQ
ZKLFKWKHPDFKLQHV DUH DUUDQJHGLQVLGH WKHFHOODQGWKHVHTXHQFHRISDUWRSHUDWLRQV7KHSURSRVHGSURFHGXUHFDQEH
DSSOLHG WR EORFN GLDJRQDO PDWUL[ ZKLFK LV REWDLQHG IURP DQ\ FHOO GHVLJQ PHWKRG 7KH PDFKLQHFHOOV DQG SDUW
IDPLOLHV FDQEHHDVLO\LGHQWLILHGIURPDEORFNGLDJRQDOPDWUL[7KH SURSRVHGDOJRULWKP LVH[SODLQHGEHORZ
 0DFKLQHVHTXHQFHLGHQWLILFDWLRQSURFHGXUH
$VHTXHQFHRIWZRPDFKLQHVKDVIRUZDUGIORZLIFRQVHFXWLYHRSHUDWLRQVRIDSDUWVDWLVI\WKHVHTXHQFH$SDLURI
PDFKLQHVKDVWZRSRVVLEOHVHTXHQFHVIRUWKHIRUZDUGIORZDQG P PVHTXHQFHVDUHSRVVLEOHIRUDFHOOKDYLQJ P
QXPEHURIPDFKLQHV7KH 0DFKLQH6HTXHQFH,GHQWLILFDWLRQ3URFHGXUH0,63 LGHQWLILHV VXFKDPDFKLQHVHTXHQFH
DQGLWVQXPEHURIFRQVHFXWLYHIRUZDUGIORZVLQDFHOO 7KH VWHSVLQWKHSURFHGXUHDUH JLYHQEHORZ
6WHS &DOFXODWHWKHQXPEHURISRVVLEOHFRQVHFXWLYHIRUZDUGIORZVIRUHDFKµVHTXHQFHRIWZRPDFKLQHV¶RID
FHOO
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6WHS  ,GHQWLI\WKHQH[WKLJKHVWIRUZDUGIORZVHTXHQFH,IWKLVVHTXHQFHFDQEHFRQQHFWHGWRREWDLQIRUZDUG
IORZZLWKDSUHYLRXV VHTXHQFHVJRWRVWHSHOVHPDLQWDLQLWDQGUHSHDWVWHS
6WHS  ,I WKH VHTXHQFHV FDQ EH FRQQHFWHG GR WKH FRQQHFWLRQ DV JLYHQ EHORZ 6XSSRVH WKH QH[W KLJKHVW
IRUZDUG IORZ LV EHWZHHQ PDFKLQHV  DQG  DQG WKH VHTXHQFH LV  ±  ,I D KLJKHVW IRUZDUG IORZ
VHTXHQFHLQDSUHYLRXVVWHSLV ± MRLQWKHVHVHTXHQFHVDQGWKH UHVXOWDQWVHTXHQFHLV ±  ± 
6WHS  'RVWHSXQWLODPDFKLQHVHTXHQFHLVIRUPHGXVLQJPDFKLQHVRIDFHOORUXQWLOLQGHSHQGHQWVHTXHQFHV
DUH IRUPHG ,I LQGHSHQGHQW VHTXHQFHV LH FRQQHFWLRQDV LQ VWHS LVQRWSRVVLEOHDUH IRUPHGJR WR
VWHS
6WHS  ,QGHSHQGHQW VHTXHQFHV FDQ EH FRPELQHG DSSURSULDWHO\ WR IRUP D VLQJOH VHTXHQFH RIPDFKLQHV )RU
H[DPSOH LI WZR LQGHSHQGHQW VHTXHQFHRIDFHOODUH ±  ± DQG ±  WKHQ MRLQ WKHVH WZR WRIRUP
HLWKHUDV ±  ±  ±  ± RU ±  ±  ±  ± 
 4XDOLW\RIVROXWLRQ
7ZR JRRGQHVV PHDVXUHV DUHDYDLODEOH IRUFKHFNLQJWKHTXDOLW\RIVROXWLRQVZKHQLQWUDFHOO OD\RXWLVFRQVLGHUHGLQ
FHOOGHVLJQ7KH\ DUH L$YHUDJH&HOO)ORZ,QGH[ $&), DQGLL2YHUDOO)ORZ,QGH[2), 
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QS ±7RWDOQXPEHURISDUWVLQWKHV\VWHP
F&), ±&HOOIORZLQGH[RI FHOO F
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7RWDOQXPEHURIRSHUDWLRQV ± 7RWDOQXPEHURISDUWV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2),LVDEHWWHUHIILFLHQF\PHDVXUHWKDQ$&), DQGLVXVHGIRUFRPSDULQJ WKH UHVXOWRI06,3 ZLWKWKHUHVXOWRI
RWKHUPHWKRGVDYDLODEOHLQWKHOLWHUDWXUH
$&),LV QRWFRQVLGHUHGIRU FRPSDULQJWKHVROXWLRQVREWDLQHGE\GLIIHUHQWPHWKRGV EHFDXVHRIFHUWDLQOLPLWDWLRQV




DUH LQFHUWDLQRWKHUPDFKLQHVEHORQJLQJ WRVRPHRWKHUFHOOV 7KHRSHUDWLRQRI WKHVHSDUWV LQGLIIHUHQWFHOOV FUHDWHV
H[FHSWLRQDO HOHPHQWV LQ D EORFN GLDJRQDO VWUXFWXUH FHOO GHVLJQ DQG LQWHUFHOO PRYHV EHFRPH LQHYLWDEOH $ FHOO
GHVLJQZLWKOHVVH[FHSWLRQDOHOHPHQWVLVDEHWWHUGHVLJQ ,QWKHFHOO JLYHQLQ7DEOH LI WKHPDFKLQHVDUHDUUDQJHGLQ
WKHVHTXHQFHµ¶ LW ZLOOUHVXOWLQD&),RI $&),LVWKHDYHUDJHRI&),RIYDULRXVFHOOVRIDSURGXFWLRQ
V\VWHP 7KDW LV $&), LV FDOFXODWHG EDVHG RQ LQGLYLGXDO FHOO FRQILJXUDWLRQV DQG KHQFH WKH HIIHFW RI H[FHSWLRQDO
HOHPHQWVDQG WKHUHE\ WKHHIIHFWRI LQWHUFHOOPRYHV LVQRW WDNHQ LQWRDFFRXQW +RZHYHU2), LVDEHWWHUHIILFLHQF\
PHDVXUHWKDQ$&),DVLWLVFRQVLGHULQJ DOO IORZVLQWKHSURGXFWLRQV\VWHP7KDWLV LQWHUFHOO PRYHV DUHDSDUWRIWRWDO
IORZ
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SDUWVDQGPDFKLQHV )LUVW WKHSUREOHPLV VROYHG IRUFHOOGHVLJQXVLQJ WKHELREMHFWLYHPRGHORI6KL\DVDQG
3LOODL ZKLFKFRQVLGHURSHUDWLRQVHTXHQFHGDWDLQFHOOGHVLJQ7KHUHVXOWDQWEORFNGLDJRQDOPDWUL[LVJLYHQLQ
)LJXUH ZKLFK VKRZVWKDWWKHUHDUHWZRFHOOV7KHSDUWVLQWKHSDUWIDPLOLHVDQGPDFKLQHVLQWKHFHOOVFDQEHHDVLO\
LGHQWLILHGIURPWKLVPDWUL[DQG WKHPDFKLQHFHOOV VKRZQ7DEOH LVWKHLQSXWIRUWKHSURSRVHGDOJRULWKP 7KLVWDEOH
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&),IRUFHOO    
&),IRUFHOO    
$&),  
2),    
 &RPSDULVRQRIWKHSHUIRUPDQFHRI06,3ZLWKRWKHUPHWKRGV
7KH UHVXOWV REWDLQHG XVLQJ06,3 IRU WKUHHSUREOHPV DUH FRPSDUHGZLWK WKH UHVXOWV RI VRPH RI WKH SUHYLRXVO\
DYDLODEOHPHWKRGV LQWKHOLWHUDWXUH ZKLFKFRQVLGHURSHUDWLRQVHTXHQFHGDWD2YHUDOO)ORZ,QGH[2),LVWDNHQDVWKH
PHDVXUH IRU FRPSDULQJ WKH TXDOLW\ RI VROXWLRQV REWDLQHG 7DEOH  VKRZV WKH SHUIRUPDQFH LQ WHUPV RI 2), RI
GLIIHUHQWSUREOHPVZLWKVL]HUDQJLQJIURPPDFKLQHV u SDUWVWRPDFKLQHV u SDUWV,WDOVRFRQWDLQVVRXUFH
RIGDWDVHW DQGWKHFRUUHVSRQGLQJ 2),YDOXH IRUWKHPHWKRGVRIWKHOLWHUDWXUHDQGSURSRVHGPHWKRG 7KH IROORZLQJ




2XW RI WKH  SUREOHPV WHVWHG WKH SURSRVHG PHWKRG RXWSHUIRUPHG DOO WKH RWKHU PHWKRGV IRU  SUREOHPV DQG
REWDLQHGWKHVDPH2),DVLQ&/$66IRUWKHWKLUGSUREOHP 7KLVVKRZVWKHEHWWHUSHUIRUPDQFHRI06,3 DORQJ ZLWK
WKHFHOOGHVLJQPRGHORI 6KL\DV DQG3LOODL RYHUWKHRWKHUPHWKRGVDYDLODEOHLQWKHOLWHUDWXUH
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&$6( 1XPEHURIFHOOV2), 1$ 1$
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$FHOOZLWK IRUZDUG IORZV FDQ SURYLGH D EHWWHU SHUIRUPDQFH 7KH OD\RXW VHTXHQFHRIPDFKLQHV ZLWK IRUZDUG
IORZV LQ D FHOOLVLJQRUHGLQPDQ\ &06GHVLJQ VWXGLHVFRQVLGHULQJSDUWRSHUDWLRQVHTXHQFH 7KHSURSRVHG 0DFKLQH
6HTXHQFH,GHQWLILFDWLRQ3URFHGXUH 06,3 LVGHYHORSHGIRU LGHQWLI\LQJ PDFKLQHVHTXHQFHLQDFHOOPDLQO\EDVHGRQ
WKHQXPEHURIFRQVHFXWLYHIRUZDUGIORZVSRVVLEOHZLWKLQFHOOV06,3LVDSSOLHGRQFHOOVZKLFKDUHREWDLQHGXVLQJ
WKH SDUWIDPLO\ DQGPDFKLQHFHOO IRUPDWLRQPRGHO RI 6KL\DV DQG3LOODL ZKLFK XVHV WKH VHTXHQFH GDWD 7R
DQDO\VH WKHHILLFLHQF\RI WKHSURSRVHGDOJRULWKP LW LV DSSOLHG WR WKHGDWD VHWV LQ WKH OLWHUDWXUHDQG WKH VROXWLRQ LV
FRPSDUHGZLWKWKH VROXWLRQ RIRWKHUPHWKRGV RIWKHOLWHUDWXUH EDVHGRQ2YHUDOO)ORZ,QGH[2),,WLVIRXQGWKDWWKH
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